In 2008, an outbreak of yellow fever occurred in Abidjan. The entomological investigations confirm that Abidjan is at risk of yellow fever with a suspicion of the National Park of Banco (NPB) forest as a likely area of re-emergence. This study aims to assess the dispersion of sylvatic vectors of arboviruses from the NPB forest to the surrounding areas (Andokoi and Sagbé). The sampling was done in the rainy season using the WHO layer-traps technique. Among the six species of Aedes sampled, Aedes aegypti and Aedes africanus were the potential vectors of arboviruses. Both species were collected in Sagbé but only Ae. aegypti in Andokoi. Only Ae. aegypti were present 400 and 800 m from NPB forest, but at 200 m, it showed respective proportions of 75.5% and 87.5% in Sagbé and Andokoi. In the NPB forest, however, Ae. africanus has been the predominant species. The study showed the presence of Ae. aegypti in Andokoi and Sagbé. However, Ae. africanus was found in the NPB forest and in the 200 m radius in Sagbé. The establishment of an entomological surveillance program in all areas would therefore be essential for the prevention of arboviruses outbreaks in Abidjan. Journal of Vector Ecology 44 (2): 248-255. 2019.
INTRODUCTION
Arboviruses that cause yellow fever, dengue fever, and Zika are globally distributed but are mainly prevalent in the tropics. Dengue is the most prevalent mosquito-borne viral disease of humans (Rojas et al. 2018) . Three-hundredninety million people in 128 countries are exposed to the infection worldwide (Bhatt et al. 2013) . Until recently, dengue was not considered a serious public health issue in Africa, with some non-hemorrhagic syndrome cases reported only in eastern Africa (Rodier et al. 1996 , Kanesa-thasan et al. 1998 . However, during the past decade, dengue outbreaks have been reported in several western and central African countries (Franco et al. 2010 , Ngoagouni et al. 2015 , Ridde et al. 2016 ), suggesting a possible change in the dynamic of this disease. Similarly, yellow fever continues to be a public health problem in intertropical zones of Africa and America (Bres 1987) . Its resurgence is reported in these areas despite the existence of an effective preventive vaccine. Following the outbreak of yellow fever in the densely populated cities of Angola and the Democratic Republic of Congo in 2016, resulting in 400 deaths, viral hemorrhagic disease has reemerged in an acute form, posing a serious public health threat in the world. Despite its first isolation in 1947 from a sentinel rhesus monkey located in the Zika forest in Uganda (Weaver et al. 2016 ) and its isolation from mosquitoes in 1948, human disease due to ZIKV was not reported in Nigeria until 1954 (Macnamara 1954 . The disease remained obscure until the 2007 ZIKV fever epidemic in Yap Island in Micronesia (Faye et al. 2014 ). The disease was then manifested through larger epidemics in several geographical areas between 2013-2014, including French Polynesia, Latin America, and the archipelago of Cap Vert in Africa (Weaver et al. 2016) . Also, between October, 2015 and May, 2016, more than 7,500 suspected cases were reported in Cap Vert (Lourenço et al. 2018) .
In Côte d'Ivoire, previous studies have demonstrated the existence of dengue virus during sero-epidemiological studies in rural and urban areas (Akoua-Koffi et al. 2011 ). There were reports of cases of dengue 3 in 2008 (two cases), 2010 (three cases), and 2017 (56 cases). Imported cases from Côte d'Ivoire were reported in France (six cases) and Japan (one case) (La Ruche et al. 2010 , Moi et al. 2010 , Aoussi et al. 2014 . A resurgence of yellow fever cases was also noticed in the northern part of the country in 2009 (Attoh-Touré et al. 2010 ) and in the district of Abidjan, the economic capital, consecutively, in 2008 consecutively, in , 2009 consecutively, in , 2010 consecutively, in and 2011 consecutively, in (Konan et al. 2009 ). Even if active cases of Zika virus were not yet reported, people who had already contracted the virus in the past had been identified (Akoua-Koffi et al. 2001) .
Mosquitoes in the genus Aedes are the main vectors of all these pathogens. Recently, in the urban area of Abidjan, Aedes species have been collected during entomological investigations (Guindo-Coulibaly et al. 2010 , Zahouli et al. 2016 . The viruses responsible persist in both human and sylvatic life cycles. Humans are the only known reservoir and amplification hosts, and Ae. aegypti (domestic vector) and Ae. albopictus (peri-domestic vector) are the inter-human vectors. In the sylvatic cycle, non-human primates (monkeys) are reservoirs with several sylvatic Aedes species such as Ae. vittatus, Ae. furcifer, Ae. luteocephalus, and Ae. africanus driving the disease as vectors (Macnamara 1954 , Cordellier et al. 1974 , Cornet et al. 1979 ).
An entomological investigation carried out in 2008, following the re-emergence of yellow fever in Abidjan, revealed that the town is exposed to a potential risk of yellow fever and that the National Park of Banco (NPB) forest would be a likely area of re-emergence (Konan et al. 2009 ). Moreover, the contact between the human population and this forest is very frequent for various reasons. Besides those who live or work inside, there are visitors due to tourism. Also, with the recent phenomenon of rampant urbanization in the Abidjan district, we observed the settlement of some families near forests. Yet, DENV-2 from sylvatic cycles has been isolated in Côte d'Ivoire (Vasilakis et al. 2007) . Therefore, there is an urgent need to assess the risk incurred by those populations, in terms of arbovirus transmission driven by Aedes mosquitoes present in the forest of the NPB and its surrounding neighborhoods.
MATERIALS AND METHODS

Study location
The experiments were carried out in the forest of the National Park of Banco (NPB) and in two contiguous areas to this forest namely, Andokoi and Sagbé, located respectively in Yopougon and Abobo municipalities ( Figure 1 ). The NPB (5° 23′ 40″ N, 4° 03′ 07″ W) is located between Yopougon and Abobo municipalities and populations of these municipalities live near this forest (sometimes less than 25 m from the forest). The access to and through this forest is by a road network of 80 km. There is an arboretum of more than 800 species of plants from tropical regions of Africa, Asia, and Latin America, the forestry school of the West African subregion and also a fish farm. Several landscaped areas serve as playgrounds and campsites. In the forest, the fauna is full of many species of insects and mammals, such as rodents, monkeys, and chimpanzees.
Experimental design and sampling sites delimitation
This study was designed as a cross-sectional study. The GIS software version QGIS 2.14.4 was used to delimit the sampling sites through Bing satellite imagery. It was also used to choose the sampling radii (200, 400, and 800 m) from the NPB forest to each municipality (Yopougon and Abobo) for data collection. The choice of these sampling radii was based on previous studies showing that mosquitoes fly an average distance of 400 m from their emergence site. Also, Honorio et al. (2003) found that Ae. aegypti, the main vector of yellow fever and dengue, could be up to 800 m from the release point. In addition, it has been shown that Ae. albopictus, another vector of dengue, travels a distance of 200 m or less during its entire life span (Bonnet and Worcester 1946) .
The random sampling tool of GIS software was then used to generate 20 random points inside NPB and ten points in each sampling radius, respectively, in Andokoi and Sagbé. The geographic coordinates (longitude and latitude) of the randomly selected points generated by the Garmin DNR software were entered into a GPS unit. When a generated 
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Data were entered into a spreadsheet, cross-checked and transferred into R version 3.5.1 (2018-07-02). The Kruskal-Wallis Test (KW) was used to compare the average density of Aedes eggs. All differences were considered significant at P < 0.05.
Mosquito egg collections and rearing
Mosquito eggs were collected using the WHO layer-traps technique (Wolfinsohn and Galun 1953, Chadee 1986 ). In brief, a layer trap is composed of a black box with a well in the upper third, in which is located an immersed hardboard where female mosquitoes can lay their eggs. Layer-traps were installed up to 1.5 m above the ground in each sampling point and collected seven days after they were set up. Mosquito egg sampling was done twice from June to July, 2014 during the rainy season, as previous studies have shown a high density of Aedes mosquitoes in this season (Guindo-Coulibaly et al. 2010) . Collected eggs on the layer traps were dried in the insectarium of the Centre d'Entomologie Médicale et Vétérinaire (CEMV), in Abidjan, Côte d'Ivoire for ten days. Eggs were counted under a binocular microscope and then wetted as previously described (Cordellier and Bouchite 1973) . The layer-traps were wetted three times consecutively as described by Guindo-Coulibaly et al. (2010) . After hatching, larvae were reared to emergence (F0 generation). Identification of adult mosquitoes was done using Edwards (1941) and Huang (2004) identification keys. Mosquitoes were kept under standard insectary conditions (27 ± 2° C, 80 ± 10% RH and 12:12 L:D photoperiod).
RESULTS
Inventory of mosquito fauna from eggs
Rearing of collected eggs on the layer-traps yielded a total of nine mosquito species at all three study sites. These mosquitoes were divided into three groups by genus, Aedes, Eretmapodites, and Culex (Table 1) . Aedes were predominant with 76.4% of the mosquitoes collected comprising six species (Ae. aegypti, Ae. africanus, Ae. denderensis, Ae. longipalpis, Ae. argenteoventralis, and Ae. monetus). All these species were collected in the NPB with exception of Ae. aegypti. Two species, Ae. aegypti and Ae. africanus, were collected in Sagbé and only Ae. aegypti was collected in Andokoi. Ae. aegypti was predominant in Sagbé, and Andokoi with proportions of 88.3% and 98.97% respectively. In the NPB, Ae. africanus has been the predominate species (40.4%) from collected eggs.
Mosquito egg density
We found a total of 586 eggs on the 40 layer-traps performed in the NPB with a density of 14.7 eggs/layer-trap/ week. No layer-trap was lost in NPB, whereas in Andokoi only 16 (16/20), 15 (15/20), and 19 (19/20) layer-traps had been harvested, respectively, at 200 m, 400 m, and 800 m. The number of eggs was, respectively, 19, 54, and 186 eggs, corresponding to respective densities of 1.2, 3.6, and 9.8 eggs/ layer-trap/week (Figure 2A) . Likewise in Sagbé, we harvested 14 (14/20), 17 (17/20), and 14 (14/20) layer-traps collected at 200 m, 400 m, and 800 m, respectively. The respective numbers of eggs were 85, 86, and 6, corresponding to densities of 6.1, 5.1, and 0.4 eggs/layer-trap/week ( Figure 2B ).
Mosquito egg densities recorded at 800 m from NPB from the side of Andokoi were significantly higher than those recorded at 400 m and at 200 m (KW 2 = 8.7804, p-value = 0.0124). On the other hand, in Sagbé, the densities recorded at a different radius from NPB were similar in all the radii (KW 2 = 1.9363, p-value = 0.3798).
Spatial distribution of potential vectors of arboviruses
In total, two potential vectors of arboviruses, namely, Ae. aegypti (41.8%) and Ae. africanus (24.5%), were identified during laboratory investigations among all the mosquitoes coming from collected eggs.
No Ae. aegypti were identified among those developing from eggs collected in the NPB. Only Ae. africanus was identified with a proportion of 40.4% (Figures 3 and 4) . In Sagbé, both vectors, Ae. aegypti and Ae. africanus, were identified. Aedes aegypti accounted for 75.5% in the 200 m radius and 100% of mosquitoes identified in the radius of 400 and 800 m. Only Aedes africanus was found in the eggs collected at the radius of 200 m, with a proportion of 24.5% ( Figure 3) . In Andokoi, only Ae. aegypti has been identified as a vector from collected eggs with the prevalence of 87.5% in the radius of 200 m and 100% in the radii of 400 and 800 m (Figure 4) .
DISCUSSION
Rapid urbanization and the resurgence of mosquitoes due to global warming have significantly increased the risk of urban epidemics internationally. Dengue, the most widespread vector-borne pathology in the world, and yellow fever represent two arboviruses that are re-emerging in Côte d'Ivoire since 2008 (Attoh-Touré et al. 2010 ). These vectorborne agents are transmitted to humans by Aedes mosquitoes that constantly circulate in our environment (Guindo-Coulibaly et al. 2010 , Zahouli et al. 2016 . We aimed to assess the risk incurred by the communities, in terms of arbovirus transmission due to Aedes mosquitoes in the forest of the NPB and its surrounding neighborhoods. Mosquito egg density was used as a proxy to quantify the risk and eggs have been collected using the WHO layer-traps technique. The current study has shown the presence of Aedes mosquitoes in Abidjan. Six, two, and one species were collected in the NPB and in Sagbé and Andokoi districts, respectively. Differences in the diversity of species between study sites could be linked to the composition of biotope. Indeed, in the NPB, there are several water retention ponds, the sheathing leaves of certain plants, and the presence of large trees with troughs that represent good larval habitats for mosquito development, particularly the sylvatic Aedes (Raymond et al. 1976 ). In the urbanized districts of Andokoi and Sagbé, mosquito larval sites are produced generally by humans and are largely colonized by Ae. aegypti (Konan et al. 2009 ).
After the entomological investigations were carried out following the outbreak of yellow fever that occurred in Abidjan in 2008, Koné et al. (2013) indicated the presence of two Aedes species in the NPB. The high number of species obtained in the NPB in our study could also be explained by the number of surveys conducted for data collection. Indeed, two rounds were implemented during the current study, while Koné et al. (2013) , who also investigated during the rainy season, conducted only one survey. The two Aedes species collected by Koné et al. (2013) , Ae. aegypti and Ae. luteocephalus, were not identified in the current study. The absence of these two species could be explained by their low density in the NPB forest. Of note, Koné et al. (2013) collected only one individual belonging to each of these two species during their investigations.
Egg densities ranged from one to 15 eggs/layer-trap/ week. The highest density of eggs was found in the NPB. This could be explained by the number and the diversity of species encountered in this site, whereas in the other sites we collected at most two species. However, within the Andokoi site, densities varied significantly from one radius to another, with the 800 m radius showing the highest density followed by the 400 m radius. In this site, only Ae. aegypti was harvested. The high density obtained in the 800 m radius of the forest, a highly urbanized radius compared to others, confirmed the character of the main urban vector of arboviruses that has always been attributed to this species (Robert et al. 1993) . Also, previous studies have shown that the presence of this species is related to human behavior and habit (Konan et al. 2009 ). In contrast, the egg densities obtained at Sagbé showed no significant difference between harvesting radii. Nevertheless, the 200 m radius from the forest showed a higher density than that obtained at 400 m and at 800 m. This high density obtained in the radius of 200 m could also be explained by the number of species harvested in this radius. Indeed, in addition to Ae. aegypti, a sylvatic vector, Ae. africanus was also collected in this radius, while only Ae. aegypti has been identified in other radii.
Aedes aegypti and Ae. africanus were the two potential vectors of arbovirus identified during this study. Aedes aegypti represents the main urban vector of arbovirus, while Ae. africanus is a wild vector of these pathologies. This latter species is recognized as the most important wild species, responsible for the transmission between monkeys in the sylvatic cycle as described in the Ugandan forest (Haddow et al. 1951) . Aedes aegypti was collected only at the urbanized sites. The absence of this vector in the NPB confirms that this population of Ae. aegypti present on these two sites is composed in part of domestic populations although there are also wild populations of the species. Aedes africanus was collected in the NPB and in the 200 m radius in Sagbé district. The absence of this species in urbanized sites may be a response to the fact that nearby larval habitats sites are not necessarily appropriate for the species. Nevertheless, we assumed that Ae. africanus has become accommodated to human habitats, which could justify its presence in the 200 m radius in Sagbé. The presence of Ae. africanus in Sagbé can also be explained by the existence of forest relic inside the Sagbé sub-districts. The trees of this forest relic could be a suitable habitat for this mosquito (Rodhain and Perez 1985) . Koné et al. (2013) had also reported the presence of Ae. luteocephalus in this park, which represents another potential vector of arboviruses. This species is reported to have been infected with yellow fever virus during the outbreak on Jos Plateau in Nigeria (Lee and Moore 1972) . In addition to these two vectors, the NPB contains a diversity of Aedes vectors. Notification of these wildlife species in this forest may also confirm that this site represents a likely endemic emergence area reported by Konan et al. (2009) .
The presence of Ae. africanus in the 200 m radius from the forest in the Sagbé site indicates that this species is moving from its natural biotope (sylvatic zone) to urban areas where it could colonize peridomestic and domestic habitats. This sylvatic vector will maintain the transmission cycle of arbovirus in the sylvatic zone and could even transmit these pathologies to populations living near to this forest. In fact, the presence of populations near forests multiplies the human/animal interfaces and contributes to exposing the populations themselves to several infectious diseases (Gillespie and Chapman 2008) . The exposure of humans to sylvatic vectors due to its proximity and activities in the forest is a frequent cause of outbreaks. Much larger epidemics occur when, from infested individuals, the transmission cycle leaves the forest cover and spreads to densely populated areas (Sang and Dunster 2001) . Aedes aegypti would thus ensure the human-to-human transmission of these arbovirus in urban areas in the two sites contiguous to the forest. Given an arbovirus outbreak in the city of Abidjan, an effective control effort should therefore be carried out in both urban and sylvatic environments.
In view of the presence of these two vectors in the two different biotopes, further investigations are needed in order to define the arbovirus infection rate of Ae. aegypti and potential sylvatic vectors that circulate in the forest and have the ability to survive in an urbanized environment. In addition, serological studies among communities would deepen our understanding of the level arboviruses (dengue and yellow fever) circulating within those populations having a close relationship with the forest.
